Abstract-Albeit many HCI / emotion recognition studies use facial expressive images, few scrutinize the accuracies of the people (experimenters and participants) in perceiving the expressions representing the intended emotions.
I. INTRODUCTION
Expressive facial images/videos have been used in many research areas including in HCI, specifically in the field of emotion recognition (e.g. [1] [2] [3] [4] [28] [29] ). Most of these studies report satisfactory results in their experiments based on their chosen data. However, although these studies are able to prove solid methods and evaluation results, small efforts are given in describing proves of the validity of the facial images. Even studies in the area of psychology that use facial images to elicit emotions (e.g. [5] [6] [7] [8] ), most do not put enough explanation on the effectiveness of the images.
The lack of explanations pose questions on the validity of the methods (from the HCI and emotion recognition studies) where the evaluation results of the methods are heavily depended on the assumption that the facial images are correctly referred to the targeted emotion label, which could not always be the case (cf. [9] [10] [11] [12] [13] ). One basic question on using facial images for emotion experiments is whether the users (experimenters/participants) are able to correctly assign the intended emotions as depicted in the images. Inaccurate assignment would produce distorted data which ultimately introduce bias in the experiments.
This study intends to explore the possibility of assigning inaccurate emotion from the facial images in researches. The exploration focuses on three possible causes of inaccuracy that introduce the following three research questions (RQ): (1) do participants able to take the perspective of other? (2) do participants collectively appoint to the same emotions shown in the images? and (3) do men and women appoint to the same emotions depicted by the images?
This article reports the answers of the RQs and the experiment conducted in the study. By answering the RQs, this study contributes in two ways: (1) confirming the effectiveness of using facial images in eliciting emotions in HCI/emotion recognition studies, and (2) exploring possibilities that not all emotions are equally perceived with the same intensities.
This article is organized as follows. Section II explains the logical chronology of the RQs based on existing studies. Section III describes the experiment setup and the hypotheses derived from the RQs. Section IV and V present the results and the discussion of the experiment. Finally the conclusion of the study will be presented in section VI.
II. EXISTING STUDIES
Many studies assume that each of the expression in the facial images is exclusive for one type of emotion and can be recognize equally by all people. There are a number of studies that support this assumption. For example a study by [14] who suggest the link between perspective taking (cognitive empathy) and altruism that allow people to take the perspective of other people and to feel his/her feeling (empathy), and by [15] who find that people are able to feel what others are feeling regardless of the status of affiliation between them.
The two example studies ( [14] [15] ) suggests that people are able to feel what the other are feeling and therefore understand the type of emotion the other people are experiencing. However, some more recent studies suggests that there are factors preceding the process of perspective taking so that the experience of taking perspective of others (i.e. knowing what others are feeling) is not independent, such as suggested by [16] [17] [18] [19] .
A study from [16] finds some valuing process antecedent the feeling of empathy (as an other-oriented emotion response perceived from others' welfare). The experiments show that people are having deeper feeling of other's wellness when they give higher values to the person/event of interest. This implicates a personal enhancing or lessening the intensity of empathy. Similar finding is also demonstrated by [17] who prove that culture has a considerable impact on the ability of people to take the perspective of other and self (cognitive empathy). In their finding, people grown in eastern culture are better in taking the perspective of others than those who grown in western culture. The differences are not only appear in the ability to perceive other's perspective, but also in the facial expressions [18] which makes the basis for RQ1: the effect of facial images should be differ between people based on their cultural background and their personal value on the image (i.e. the person portrayed in the image). The effect of personal value should also lessen the adherence of taking the perspective of other people's feeling (i.e. people have varied perspective on others' feeling), therefore makes the argument for RQ2. The argument for RQ3 is more straightforward where it bases solely on the finding of gender effect on empathy [19] .
III. METHODS
This study consists of an experiment divided into two steps: data acquisition and statistical analysis. The data acquisition step includes facial images preparation and survey. The data collected from the survey is analyzed based on statistical calculation to answer the RQs presented in Section 1.
A. Data acquisition
The data is collected from 50 participants (25 participants for each gender). All participants are active students at Universitas Multimedia Nusantara between ages of 18-24 recruited voluntarily with a souvenir as incentive. They are presented by seven expressive facial images ( Fig. 1) taken from [20] chosen randomly prior the experiment (without any perquisite emotion types), and asked to fill a questioner on how they perceived the emotion in the images. The questioner consists of 16 DES emotions [21] [22] [23] scales from 0 to 100 correspond to nonexistence to fully identified. As participants' emotion baseline, all participants are required to fill their own emotion prior the experiment (i.e. the participants' own initial emotions, and will be called throughout this article).
B. Statistical methods
All data collected from the survey will be processed through a series of statistical calculation to be analyzed. The analysis focuses on answering the three hypotheses discussed shortly in this section. Yet, it is important to note that the experiment does not assume the type of the emotions showed in the images; hence the participants' recognition accuracies do not need to be evaluated. All statistical calculations are implemented using R version 3.2.3.
The statistic calculations are conducted accordingly to answer the three RQs:
1) Do participants able to take the perspective of other?
Prior using emotionally expressive facial images in research, a basic question should be asked whether the participants are able to take the perspective of other. Though people are capable to make a clear distinction between their own and other perspective, there is indication that this capability may not be the same for everyone (cf. [16] [17] [18] ).
The relations of the participants' emotion and the one they perceived from the images will be evaluated using student ttest, where a non-significant test should demonstrate similar emotions between the two and therefore indicate participants' inability to take the perspective of the person in the images. And so the first hypothesis is ( ( ) ) that the participants are able to take the perspective of other.
2) Do participants collectively appoint to the same emotions shown in the images?
Most HCI studies that use facial expressive images assume that the all expression correspond uniquely to one targeted emotion label. When should the assumption failed, the users (experimenter/participants) could wrongly perceive other emotion than the targeted emotion (cf. [16] [17] [18] [19] ).
The recognition rates are measured by calculating student ttest on all emotions. Significantly strong emotion signifies a collective perceived emotion (the DES scores which will be called the throughout the article) concession between participants. Thus the second hypothesis is ( ( ) ) that the participants do collectively recognize the images of having the same emotions.
3) Do men and women appoint to the same emotions depicted by the images?
The next step of investigation is to look how men and women perceived the targeted emotion. Again, most HCI studies assume that men and women similarly perceive the emotions whereas other studies in behavior science suggest that women have higher sensitivity on affective interaction [19] .
Another student t-test measurement will be applied on the score between men and women. The test should reveal whether men and women significantly differ in perceiving emotion. Therefore, the last hypothesis is ( ( ) ) that there is no difference between men and women on perceiving emotions showed in the images.
IV. RESULTS
The results of the experiment will be presented in this section in the following order: (a) the description of participants' , (b) the differences between the and to evaluate whether the participants are affecting their judgment of their (answer to RQ1), (c) the (dis)similarity of participants (answer to RQ2), and (d) the (dis)similarity of the between men and women (answer to RQ3).
A. Participants initial emotion ( )
Prior to hypothesis tests, the of all participants are tested using student t-test to evaluate their own feeling before examining the images in Figure 1 . This is an important step for evaluating whether or not the is a reflection of the . In the case of is a reflection of then the will not significantly differ from the , which automatically answer RQ1 and suggest a link between the and the answers of RQ2 and RQ3.
In general, the participants do not show particular elevated emotions prior the experiments (Fig. 2a ) with = 23.8, = 28.6, except for two emotions where they slightly elevated (though not significant): calm ( = 59.8, = 25.2) and happy ( = 57.2, = 23.6) which suggest a positive attitude toward the experiment. The absence of significant intensity in all of the 16 emotions implies participants' neutral emotional states [24] before the experiment begin.
The felt by the participants are varied demonstrated by their standard deviation ( 5.5 ≤ ≤ 37.2 ). An interesting pattern is showed when comparing the mean and the standard deviation of the initial 16 emotions (Fig. 2b) . The participants show a decreasing variation towards the two extreme of emotion's intensity. The participants tend to answer common scores when the are in the two extreme intensities, and most varied when the intensity is in between. Although this experiment is not intended to check the consistency of emotions how people perceive emotions, the ascending and descending pattern of the emotions' intensity could indicate a binary perception of emotions (i.e. emotions are easier to perceive when in the two extremes). Similar pattern also appears where the participants show a similar emotion intensities of the when the intensities are in the two extremes (discussed in Section III.C).
B. (RQ1) Do participants able to take the perspective of other?
The neutrality of the participants' should suggest that any participants' significantly elevated should not be caused by their . As a result, any significant increment of the from the (i.e. ≫ ) should proof that is not affecting , and thus the participants are able to perceive different emotions than what they are feeling. The ≫ condition for each image is determined by fulfilling:
where and are the dissimilarity, and the -value between the and respectively for each emotions. The experiment shows that all expressive facial images have at least one that fulfills the condition in Equation 1 (boldface in Table 1 ). This suggest that there are at least one emotion that are not related to what the participants are feeling (i.e. the participants are able to distinguish between their own feeling and the feeling expressed in the images), and therefore implies the rejection of ( ) . It is concluded that the participants are able to take the perspective of others regardless of their own feeling at the time.
C. (RQ2) Do participants collectively appoint to the same emotions shown in the images?
The present of emotions are indicated by the appearance of dominance emotions (e.g. surprise emotion is indicated by a very high surprise intensity relative to the other emotions) (cf. [24] ). These indications are expressed by high intensity and distinct emotions (i.e. high and statistically different DES values). By this definition, the RQ2 can be answer by evaluating the for each image by pointing to high positive and significant DES values:
where and are the emotions with ≠ , and and correspond to the dissimilarity and the -value of the . The condition where the participants collectively perceive comparable emotions occurs when the condition in Equation 2 is met. Those few emotions appear only in four images (c, d, e, and g) which are shown in detail in Table 2 . The table presents the intensity and the number of significantly different ranging between zero to 15, correspond to the minimum and the maximum number of combinations (i.e. zeros implies no differences between the and the , while 15 implies a significant amongst the ). The boldface values signify the condition in Equation 2. Based on the result described in Table 2 , it concludes the partial rejection of ( ) . The rejections occur in four images (c, d, e, and g) out of seven images. This outcome suggests that not all expressive facial expressions are constantly perceived universally and some emotional ambiguity should be expected when introducing facial expressions images in research. Participants seem to have more alignment in regards to the Ekman's six basic emotions [25] [26] than other emotions, which support the Ekman's idea of the six basic emotions as building blocks to other emotions.
An unexpected finding appears when comparing the mean and the standard deviation of the ( Figure 3) . They appear to follow a trend line where the standard deviation is relatively smaller on the small and large values of mean. This trend suggests that participants are more agreeable on the two extreme of emotions, forming a binary decision (i.e. whether or not the image is showing an emotion). Similar pattern also occurs in the ( Figure 2 ). Although this experiment is not intended to check nor to explore the consistency of perceived emotions (self and other emotions), this finding may not be arbitrary and should be followed in the future studies. 
D. (RQ3) Do men and women appoint to the same emotions depicted by the images?
To answer RQ3, the data is divided based on participants' gender (male and female) and apply student t-test on each of the DES emotion types between the two genders. The experiments found that ≥ 0.05 in all tests which conclude an acceptance of ( ) (i.e. both men and women concordantly perceive the same type of emotion illustrated in the images).
V. DISCUSSION
The experiments introduce the answers for the RQs and find one secondary result. In the light of the first RQ, the participants are able to perceived facial expression regardless of their own emotions. The ability of the participants to take the perspective of others' feeling regardless of their own confirms the theorem suggested by [14] and [15] . This result also verifies the usefulness of facial images in emotion related research use. However, researchers should aware that not all participants will perceive the same emotions for all facial expressions.
For the second RQ, people appear to be able to take the perspective of others better on certain expressions but not the others (e.g. the expressions in images (c-e, g) in Figure 1) . This behavior appears to agree with the theory of Ekman [25] [26] on six basic emotions which are strongly related to facial expressions (i.e. FACS [27] ). Based on this result (i.e. the fact that the four successfully induced emotions are affiliated with Ekman basic emotions), it appears that it is relatively safe to use facial expression images related to the six basic emotions for research.
As for the third RQ, there is no evidence that men and women have different ability in taking the perspective of others, contradicting [19] .
A secondary result is shown by the grouping pattern between the mean and the standard deviation on the perceived emotions. There is more agreement between participants when the perceived emotions are in the binary intensity (very low or very high) than when they perceived the emotions of having intermediate intensity. This would suggest the importance of using intense expressions in emotion related research. Nevertheless, further studies are still needed to confirm the occurrence of this behavior.
Two remarks should be noted regarding the findings. First, our participants consist of higher education students who have relatively high educational background. Since there is a chance that education might affect the perception of emotions, further validation is needed to confirm the finding on more varies participants. Second, the findings are based on the requirement function (e.g. Equation 1 and 2) where the experiment set the probability significant value threshold as 0.05 ( ≤ 0.05). A less sensitive threshold (e.g. ≤ {0.1, … , 0.3}) might suggest different results, yet with the cost of oversensitive emotion detection.
VI. CONCLUSION
The experiments conclude the answer of the three RQs. In general, the experiments find that people are able to take the perspective of others on the six basic emotions. This ability appears to work regardless of their gender and their own emotion at the time, which therefore conclude that it is relatively safe to use facial images to elicit emotions as long the targeted emotions are within the scope of Ekman's six basic emotions.
Future study should takes the experiment further than the scope of the basic emotions, and explore the binary perception of emotions behavior introduced in Section IV.A and IV.C.
